A liquid chromatographic (LC)/mass spectrometric (MS) method was developed for determining the residues of chloramphenicol, thiamphenicol, florfenicol, and florfenicol amine in a number of aquatic species. The phenicols are extracted with acetone, the extracts are partitioned with dichloromethane, the aqueous layer is removed, and the organic layer is evaporated to dryness. The residue is dissolved in dilute acid and defatted with hexane, and the aqueous layer is prepared for analysis by LC. The phenicols are determined by reversed-phase LC by using a Hypersil C18-BD column with a water-acetonitrile gradient and MS detection using selected-ion recording. Calibration curves were linear for all analytes between 0.015 and 0.425 ng injected. The relative standard deviations for measurements by the proposed method were <10% for all of the analytes studied, with recoveries ranging from 71% for florfenicol amine to 107% for florfenicol in salmon tissue spiked at the 2 ng/g level. Detection limits of 0.1 ng/g for florfenicol and chloramphenicol, 0.3 ng/g for thiamphenicol, and 1.0 ng/g for florfenicol amine are easily obtainable. The operational errors, interferences, and recoveries for spiked samples compare favorably with those obtained by established LC methodology. The proposed method is simple, rapid, and specific for monitoring residues of chloramphenicol, thiamphenicol, florfenicol, and florfenicol amine in a number of aquatic species.
O
ne of the problems encountered in raising of aquatic animals in an aquaculture environment is the prevention of bacterial and other infectious diseases. The development of resistance against sulfonamides, tetracyclines, and other veterinary drugs has led to a need for a variety of new or different antimicrobial drugs. The Bureau of Veterinary Drugs, Health Canada, has recently approved the antibiotic florfenicol (FLR) for use in aquaculture. Once administered, FLR is rapidly metabolized to a dominant metabolite, florfenicol amine (FLRA) , that persists as a marker compound (1). A maximum residue limit (MRL) for FLRA has currently been established at 0.1 mg/g in the edible tissue of aquacultured products (2, 3) . FLR is a broad-spectrum antibiotic that is part of the chloramphenicol (CAP) family of drugs, which also includes thiamphenicol (TAP). Both CAP and TAP are not approved for use in Canada because of possible side effects in consumers (4) . CAP has been implicated in cases of aplastic anemia. However, because these drugs are so effective in the treatment of diseases in a number of aquaculture species, there is the potential for misuse in both the domestic and international markets. Residues of these drugs may therefore pose a health risk to consumers.
The monitoring of farmed fish and other aquaculture species for residues of theraputants is an essential part of a quality management program required by the Canadian Food Inspection Agency. The availability of rapid inexpensive analytical tests is an essential part of this program. Development of a single analytical method that could determine all of these compounds simultaneously would be the most desirable option because it would provide the most information for the resources expended. From an environmental standpoint, consumption (and disposal) of hazardous materials, such as solvents and chemicals, is decreased with a multiresidue method.
A number of different methods are available for the determination of CAP and its analogues. An early review of available chromatographic methods for CAP analysis was provided by Allen (4) . Since then a number of methods on the same topic have been published, including analysis by gas chromatography (GC) with electron capture detection (5-7), GC/mass spectrometry (MS; 8, 9), liquid chromatography (LC; 10-18), immunoaffinity chromatography (19) , a variety of test kits (20) (21) (22) (23) , and polarography (24) . Most of these methods involve a number of chromatographic and cleanup steps.
Although guidelines for residue levels in aquacultured products are established for FLR and FLRA, under current rules the detection of any residues of TAP and CAP would lead to rejection of the product. The detection limits for most of the LC and GC methods are in the 1-20 mg/kg range, but some of the test kits report detection limits that are one-orderof-magnitude lower (23) . Health Canada has proposed that the working detection limit for CAP should be in the 0.1-0.3 mg/kg range.
The purpose of the present study was to develop an efficient, routine analytical method for the simultaneous determination of residues of FLR, FLRA, TAP, and CAP in a number of aquatic species at or below the 1.0 mg/kg level for all of the aforementioned analytes. An LC/MS method for the simultaneous determination of FLR, FLRA, TAP, and CAP in a number of aquatic species is described. 
METHOD

Apparatus
Sampling
Samples of large fish, such as salmon and rainbow trout that were used in this investigation, were proportioned according to AOAC 937.07 (25) , frozen, and sent to the laboratory. Samples were thawed, skinned, and deboned. The muscle tissue was blended until homogeneous in a food processor. Samples of shrimp were peeled, deveined, and blended until homogeneous. The edible portions of other types of product were treated as above. Portions were stored at -20°C before analysis.
Extraction
Accurately weigh 10 g homogenized tissue into 50 mL graduated screw-cap polypropylene centrifuge tube. For dried products weigh 5 g tissue and add 5 mL deionized water. Fortify with aliquot of working standard at this stage if necessary. Add 2 mL deionized water to tube. Decrease amount of water added to spiked samples for a total addition of 2 mL. Add 8 mL acetone, and homogenize contents of tube with Polytron homogenizer. Centrifuge at ca 1500 rpm (310´g) for 10 min. Adjust final volume of combined supernatant, precipitate to 20 mL with acetone, and decant supernatant into 16´125 mm disposable culture tube.
Cleanup
Mix supernatant well, transfer 8 mL to 20´125 mm screw-top tube, and add 6 mL dichloromethane. Cap tube and mix contents, using Vortex mixer (5 s). Centrifuge for 5 min at ca 1000 rpm (137´g) to separate the layers. Draw off and discard upper aqueous layer, and evaporate lower dichloro- VAN methane layer to dryness, using nitrogen block evaporator (maximum temperature, 45°C); any fat that is present should be kept with the dichloromethane. Dissolve residue in 1.0 mL 0.1% acetic acid solution, and extract with 2 mL hexane. Centrifuge at ca 1000 rpm (137´g) for 5 min to allow layers to separate, and draw off and discard upper hexane layer. Filter portion of lower aqueous layer through 0.2 mm syringe filter into autosampler vial.
LC Determination
Equilibrate LC system for ³30 min at column oven temperature of 40°C with 100% Solvent A flowing at 0.3 mL/min. Construct linear gradient as follows: 2% Solvent B for 2 min; to 40% Solvent B in 11 min; hold for 2 min; to 100% Solvent B in 2 min while increasing flow to 0.4 mL/min; to 2% Solvent B in 2 min while decreasing flow to 0.3 mL/min; equilibrate for 11 min.
The MS detector conditions are as follows: interchannel delay, 0. Other MS conditions are as follows: desolvation temperature, 400°C; cone gas flow, 60 L/h; desolvation gas flow, 400 L/h; run time, 30 min.
Construct a linear regression curve of the peak heights of the FLR, FLRA, CAP, and TAP responses vs concentration. If 2 ions are used, the sum of the peak heights is used. Inject 20 mL aliquot for each sample, check sample, spiked sample, or blank sample, and calculate ng FLR, FLRA, TAP, and CAP by using the linear regression of the calibration curve.
Correct the values of ng FLR, FLRA, TAP, and CAP in the sample extract for the weight of the sample to obtain values of ng/g sample.
Results and Discussion
FLR, FLRA, TAP, and CAP are easily separated from one another and completely eluted from the 15 cm´2.0 mm Hypersil C18-BD in <14 min with the linear gradient from 2 to 40% acetonitrile in deionized water + 0.1% acetic acid solution at 0.3 mL/min (Figure 1 ). Calibration curves were linear between 0.015 and 0.425 ng injected, which was equivalent to 0.2-6 ng/g in the tissue. Correlation coefficients of the standard curves were in the 0.999 range. Standard curves for FLRA, TAP, and CAP are very similar. Single-point standardization is recommended; however, depending on the conditions, equipment, or columns used, standardization at other levels may be required. Long-term storage of the stock standards should be at freezer temperatures to prevent deterioration.
The limits of detection (LOD) for CAP and FLR are in the 0.1 ng/g range, and the limits of quantitation (LOQ) are in the 0.3 ng/g range. The LODs for FLRA and TAP are in the 0.5 ng/g range, and the LOQs are in the 1 ng/g range. These numbers compare quite favorably with the detection limits of 1.5-20 ng/g reported by Aerts et al. (17) , Nagata and Saeki (13), and Hormazabal et al. (16) for LC with UV detection and 1.5-2.1 ng/g reported by Bencsath and Plakas (9) for GC/MS. Retention times were very stable, varying by <0.1 min over 12 h. Five replicate injections of standard and tissue extract solutions indicated good reproducibility over the range of concentrations studied, with relative standard deviations (RSDs) ranging from 1% to a maximum of 9% (Table 1) for the standard solutions. Quantitations were based on peak heights. The RSDs obtained for a salmon tissue extract spiked at the 2 ng/g level ranged from 3% for FLR and TAP to a maximum of 5% for FLRA. Results from replicate analyses of salmon tissue samples spiked at levels of 0.4-100 ng/g are shown in Table 2 . Average recoveries at the routine spiking level of 2 ng/g ranged from 71% for FLRA to 107% for FLR. Recoveries of FLRA and TAP decreased as the spiking level increased, whereas those of FLR and CAP stayed in the 80-90% range. These recoveries appear to be quite accept- able, especially for a multiresidue procedure. Recoveries from shrimp were slightly lower, in the 55-70% range. Large interfering peaks can be particular to analyses of some shrimp and can be fairly easily manipulated with small gradient changes. To date we have not encountered any matrixes that cause insurmountable problems for the method. A number of minor interferences have been encountered; however, these interferences can be alleviated by slight shifts in chromatography or changes in the MS detector settings. Figure 2 shows typical chromatograms of fortified and blank tissue extracts.
The proposed method has been used to determine the analytes of interest in a number of fish species and their processed products, including salmon, trout, several shrimp species, eel, catfish, and dried fish products. FLR and CAP have been determined in fish and fish products at levels ranging from 0.1 to >100 ng/g; FLRA and TAP have been determined at levels ranging from <1 to >100 ng/g. The extraction procedure, which is based on that of Hormazabal et al. (16) , has a number of advantages over GC procedures, which require derivatization (5-9), or LC procedures, which require cleanup columns (10, 13, 17) . The liquid-liquid partitions are very robust and are quite suited to routine analyses. When they are coupled with very sensitive LC/MS analysis in the proposed method, the result provides a robust quantitative analysis with good specificity. Extracts are stable for ³1 week when stored at refrigerator temperatures (0-4°C).
In conclusion, the proposed LC/MS method provides a valuable tool for the simultaneous measurement of FLR, FLRA, TAP, and CAP. The method has been tested with a number of fish and shrimp species with very similar results. The method is simple and rapid. A single analyst can easily prepare 40 samples for analysis in a regular working day. We have been using the method for a number of months in a routine capacity, and to date we have had no serious problems with interfering materials or loss of LC column performance. a Five replicates were analyzed for each spiking level. b ND = None detected; the spiking level was < 1.0 ng/g, the limit of detection for FLRA. 
